Brain and CSF potassium concentrations are well regulated during acute and chronic alterations of plasma potassium. In a previous study, we have shown that during chronic perturbations, regulation is achieved by appropriate adaptation of potassium influx, but that the degree of such adaptation during acute perturbations is much less. To elucidate further potential regulatory mechanisms, rats were rendered acutely or chronically hyper-or hypokalemic (range 2.7-7.6 mM). Measure ments were made of brain and CSF water and ion con tents to examine whether regulation occurred by modu lation of K + uptake into parenchymal cells. Furthermore, the permeability-surface area products (PSs) of 22Na + were determined, because changes in K + efflux via Na + ,K + -ATPase on the brain-facing side of the blood brain barrier might be reflected in modified N a + perme ability. Brain and CSF K + concentrations and Na PS
Potassium ions are intimately involved in the gen eration of the neuronal resting membrane potential and the propagation of electrical membrane signals. To ensure proper functioning of the central nervous system, therefore, the precise regulation of extra and intracellular potassium concentrations is of great importance (Sykova, 1983) . Accordingly, many studies have shown that CSF, brain intersti tial fluid (ISF), and total brain potassium concen tration ([K + ]) are maintained almost constant dur ing changes in plasma [K +] (e.g., Bradbury and Kl eeman, 1967; Jones and Keep, 1987) . The exact mechanisms involved in this regulation, however, remain to be fully elucidated.
In a recent study, we examined the role of potas-were all independent of chronic changes in plasma K + and acute hypokalemia, suggesting that neither modula tion of parenchymal K + uptake nor K + efflux via the Na + ,K + -ATPase is involved in extracellular K + regula tion in these conditions. In contrast, Na PSs were in creased by 40% (p < 0.05) in acute hyperkalemia. This was accompanied by a slight loss of tissue K + and water from the intracellular space. These results suggest that increased potassium influx in acute hyperkalemia is com pensated by stimulation of K + efflux via Na + ,K + ATPase. A slight degree of overstimulation, as indicated by a net loss of tissue K +, leads us to hypothesize that other factors, apart from the kinetic characteristics of Na+, K+-ATPase, may regulate this enzyme at the blood-brain barrier. Key Words: Blood-brain barrier Brain ions-Hyperkalemia-Hypokalemia-Na + ,K + ATPase-Sodium transport. sium influx modulation in brain potassium homeo stasis by measuring blood-brain barrier (BBB) 86Rb permeability during acute and chronic hypo-and hyperkalemia (Stummer et aI., 1994) . The results suggested a capacity of the BBB for adapting to chronic hypo-or hyperkalemia by varying its per meability to potassium, thus maintaining potassium influx at a level close to normal. By contrast, acute variations of plasma K + were compensated very little, so that the influx of potassium into the brain relates almost linearly to the plasma concentrations of this ion. Under these circumstances, additional clearance of K + from ISF is necessary, should neu ronal function remain uncompromised. This might involve either uptake into parenchymal and in par ticular glial cells or the extrusion of K + back into blood across the blood-brain or blood-CSF barri ers. Na + ,K + -ATPase has been proposed as an active mechanism involved in K + efflux because this en zyme is located on the brain-facing membrane of the brain capillary endothelial cell (Betz et aI., 1981) and choroid plexus (Masuzawa et aI. , 1981) and transports K + from the brain into blood in ex change for Na + (Bradbury and Stulcov:l, 1970; Goldstein, 1979) . The enzyme may be responsible for CSF and ISF [K +] being lower than plasma [K +] in normokalemic animals and appears to be activated by increases in extracellular [K +] (Brad bury and Stulcov:l, 1970; Schielke et aI., 1990) . In ischemia, the brain loses K + but gains Na + in a 2:3 ratio, suggesting that the transport of these ions is predominantly via the Na+ ,K+ -ATPase (Betz et aI., 1989 (Betz et aI., , 1994 . The Na+ permeability of the BBB, as measured by the permeability-surface area prod uct (PS), is also increased in the ischemic tissue (Ennis et aI. , 1990; Schielke et aI. , 1991) , as would be expected for transport via the Na + ,K + -ATPase due to stimulation by the elevated ISF potassium concentrations found in ischemia (Schielke et aI. , 1991) . Since this enzyme is electrogenic, pumping 3 Na + in exchange for 2 K + , there is a net increase in tissue cations, thus contributing to the formation of ischemic brain edema (Schielke et aI., 1991; Betz et aI., 1994) .
The purpose of the present study, therefore, was to examine the potential role of BBB Na + ,K + ATPase and parenchymal cell buffering in maintain ing brain K + homeostasis during acute and chronic hypo-and hyperkalemia. The former was examined by measuring the Na PS at the BBB, and the latter was examined by measuring changes in the ion con centrations of the brain compartments.
METHODS

General procedures
Male Sprague-Dawley rats weighing 250-350 g were anesthetized with 50 mg/kg ketamine and 10 mg/kg xylazine i.m. Body temperature was main tained at 37°C using a rectal thermometer and a feedback-controlled heating pad (YSI indicating controller, Yellow Springs, OH, U.S.A.). PE-50 cannulas were placed in the femoral vein for the infusion of solutions and the injection of radioiso tope and in the femoral artery for the measurement of blood pressure, blood gases, and the concentra tions of isotope or ions. All rats were heparinized (50 U/I00 g Acute and chronic hypo-and hyperkalemia Plasma potassium was varied on an acute and chronic basis as previously described (Stummer et aI. , 1994) . For acute alterations of [K]pb a normal ized volume (0.233 ml/kg/min) of fluids was infused into animals belonging to one of three groups. Acutely hypokalemic animals received a potassium free solution containing 0.9% NaCl, 2.5% glucose, and 857 U/L regular zinc insulin (200 mU/kg/min). Control animals were given a solution containing 146.5 mM NaCI and 3. 5 mM KCI. Acutely hyper kalemic animals received an infusion of 150 mM potassium. Infusions were maintained for 40 min, during which time blood was withdrawn from the arterial line in 10-min intervals to compensate for the infused volume (2.33 ml/kg/l0 min).
For long-term alterations of plasma potassium, additional animals were placed three to a cage and fed one of three diets for 14 days. Tap water was ad libitum. One group received a control diet contain ing 130 mmol K + /kg, a second group the same diet in a K + -depleted form (0.13 mmol K + /kg). A third group underwent unilateral nephrectomy and was allowed to recover for 3 days on standard rat chow. This group of animals was then fed the con trol diet augmented with 20% KCI for 14 days (2. 7 mol K + /kg).
Brain and CSF ion concentrations
One set of acute and chronic hypo-, normo-, and hyperkalemic rats (six to seven per group) were used to determine brain water and ion content and CSF ion concentrations. In the acute experiments, after 40 min of infusion, terminal blood and CSF samples were taken, the animals were decapitated, and the brains were removed. The cortices of both hemispheres were rapidly dissected from the under lying basal ganglia, divided into frontal and occipital portions, weighed, and dried at 100°C for 24 h, after which they were reweighed and extracted in 1 ml of 1 M HN03. After at least 96 h of extraction, super natant electrolyte contents were determined by flame photometry (Na +, K +) or coulometry (Cl'-), respectively. CSF ion concentrations were deter mined without extraction. In the chronic experi ments, rats were anesthetized for arterial cannula-tion and blood and CSF sampling. The brains were then removed and treated as in the acute experi ments.
Brain tissue water contents relative to tissue dry weight were calculated as follows:
wet weight -dry weight water content = d . ht (1) ry welg Tissue K + and N a + concentrations were deter mined relative either to tissue dry weight or to tis sue water content. Under the assumption that tissue chloride is predominantly located in the extracellu lar compartment (Hansen, 1985) , tissue chloride spaces were calculated as an estimate of brain ex tracellular volume by dividing tissue chloride con tent per unit dry weight by CSF chloride concen trations. This calculation further assumes [CI-J csF to be a close approximation of [CI-h sF '
Sodium permeability and plasma volume determination
The permeability of the BBB to 22 Na + was as sessed by a modification of the method proposed by Ohno et al. (1978) for a single time point analysis as previously described (Betz and Coester, 1990) . A bolus of 0.2 ml saline containing 15 fLCi 22 Na + was injected intravenously 10 min before decapitation of rats rendered acutely or chronically hypo-or hyper kalemic (n = 5-7 in each group). Physiological pa rameters were measured just prior to isotope ad ministration, i.e., in acute experiments 30 min after the onset of infusion. After 22 Na injection, an arte rial blood sample was continuously withdrawn at a constant rate to determine the integral of plasma radioactivity. For the simultaneous determination of plasma volume, an additional 0.2-ml bolus of sa line containing 10 fLCi eH]dextran (MW � 70,000) was given 3 min prior to decapitation. At the end of the experiment, a terminal plasma sample was ob tained, the brain removed and the cortices dis sected. A frontal cortex sample containing predom inantly gray matter was placed in a preweighed vial and reweighed, then dissolved in 330 fLl of 1 M me thylbenzethonium hydroxide at 60°C before addi tion of 6.5 ml scintillation cocktail. Whole-blood samples were similarly incubated (20 min), then bleached with 50 fLl 30% H 2 0 2 before addition of scintillation fluid, whereas plasma samples were im mediately diluted with methylbenzethonium hy droxide and scintillation cocktail. Dual-label count ing was performed on a Beckman LS 3801 liquid scintillation spectrophotometer (Fullerton, CA, U.S.A.).
The permeability of the BBB to 22 N a + was as sessed utilizing a two-compartment model for 1995 blood-brain transfer (Ohno et aI., 1978) . This model assumes that tracer entry into brain is proportional to the plasma concentration of the tracer, that there is no appreciable backflux within the period of tracer circulation, and that isotope exchange be tween CSF and brain extracellular space is negligi ble. These conditions are accomplished for the present experiments by sampling only the gray mat ter of the frontal cortex and the shortness of tracer circulation (Smith and Rapoport, 1986) . The influx rate constant (Kj) for 22 Na + can be calculated as follows:
( 2) where Cbr is the concentration of extravascular tracer in the brain and J Cadt the integral of the arte rial tracer concentration. Cbr was calculated from total tracer counts Ctot in the brain samples, final tracer plasma concentration Cpl' and plasma vol ume PV as (3) Plasma volume was determined as the eH]dextran space of the brain samples from the eH]dextran concentration in the final plasma sample.
Unidirectional fluxes of sodium (l in) into the brain were calculated by multiplying the influx rate constant by the [Na +]pl in each animal. For com pounds with as Iow a BBB permeability as 22 Na +, influx rate constants are a very close approximation to the PSs (Ennis et aI., 1990) , and in this article they are presented as the latter.
Statistical analysis
All data are reported as means ± SD. Statistical differences from the appropriate controls were de termined by a one-factor analysis of variance and post hoc Scheffe F test. The same procedure was used for testing the comparability of [K + ]pl in the acute and chronic experiments after combining all groups for one test. Regression analysis was per formed where appropriate. The (X-error probability for significant differences was set at p < 0.05 (two tailed). 
Materials
Rats
RESULTS
Physiological parameters
The acute and chronic protocols produced similar degrees of hypokalemia (acute 2.9 ± 0.3 mM; chronic 2.7 ± 0.2 mM) and hyperkalemia (acute 7.6 ± 0.8 mM; chronic 7.2 ± 0.4 mM). There were also some small but significant changes in the concen trations of Na and CI (Table 1 ). In the acute exper iments, [Na +]p\ was slightly reduced in the acute hyperkalemic group by �4% (p < 0.05) and [Cl-] csF was decreased by 3% (p < 0.05) in the acutely hypokalemic animals. In the chronic exper iments, [Cl-]p\ was elevated by 12% in the hyper kalemic animals compared with the control level (p < 0.01), and there was a smaller but parallel in crease of 6% in [CI-lcsF for this group (p < 0.01). On the other hand, [CI-lcsF was reduced by 7% in chronic hypokalemia (p < 0.01).
The other physiological variables measured were mostly within the physiological range. Exceptions were the acute hypokalemic group, which devel oped moderate metabolic acidosis as indicated by a decreased pH (7.32 ± 0.03 vs. 7.37 ± 0.04 in con trols; p < 0.05) and concomitantly increased P0 2 (p < 0.05). Chronic hyperkalemic animals also devel oped a metabolic acidosis with a decrease in arterial pH (7.29 ± 0.05 vs. 7.39 ± 0.04 in controls; p < 0.01) and an increase in P0 2 (p < 0.05) without a significant change in Peo 2 .
CSF and tissue potassium homeostasis
Although [K +]p\ decreased by �35% in both chronic and acute hypokalemia and increased by �75% in both chronic and acute hyperkalemia, CSF K + and tissue K + remained remarkably stable. Fig  ure 1 (left) illustrates the absence of any effect of changing [K + ]p\ on tissue K + concentration in brain during both acute and chronic perturbations of [K +] P \' With regard to potassium concentrations in CSF, interestingly, there was a slight but signif icant negative regression between [K + ]p\ and [K + ]CS F in the acute experiments with a slope of -0.1 (p < 0.05). In the chronic experiments, on the other hand, no significant regression was observed ( Fig. 1, right) . In these experiments [K+]CS F re mained constant in the face of plasma potassium concentrations that varied threefold.
Potential involvement of Na+ ,K+ -ATPase
and K + efflux
Despite the stability of brain tissue and CSF K + concentrations similarly evident during acute and chronic variations of [K + ]p\' the mechanisms by which stability was achieved under both conditions seemed to differ. In additional experiments, the products of permeability and surface area to 22 Na + (Na PS) were measured as summarized in Fig. 2 . In chronic hypo-and hyperkalemia, the Na PSs re mained unchanged, whereas acute hyperkalemia was accompanied by a significant increase in the Na PS of �40% (p < 0.05). Although there was a small (4%) concomitant decrease in [Na +] P l in acute hy perkalemia, the unidirectional flux of sodium was likewise enhanced in this group by 32% ( Fig. 2 ; p < 0.05). No changes in the Na PS or the unidirectional Na + flux were witnessed in response to acute hy pokalemia.
Potential involvement of parenchymal buffering
Other than modulation of the rate of K + influx and efflux between blood and brain, extracellular K + homeostasis could be achieved by changing K + uptake into parenchymal and particularly glial cells. If this occurs, the brain total potassium content would have been expected to increase as plasma [K +] increased. This did not occur. In fact, the K + content of the brain (expressed per unit dry weight as this is unlikely to vary in acute experiments) ac tually decreased by 2.4% (p < 0.05) in the acute hyperkalemic group (Fig. 3) . In the same group, there was also a 4.4% reduction in the tissue water content relative to dry weight ( Fig. 4 ; P < 0.01), suggesting a relationship between the loss of K + and the loss of water. Figure 5 illustrates the posi tive correlation between both parameters (p < 0.002). The slope of 110 ± 26 mM is of a magnitude comparable with the intracellular concentration of K + (Hansen, 1985) , indicating potassium and water loss primarily from the intracellular compartment. In contrast to the findings with K +, neither the I brain Natnor the brain Cl-content per unit dry weight was decreased during acute hyperkalemia (Fig. 3) . In fact, the Cl-content actually increased (p < 0.05 vs. control). These data were used to calculate the brain Cl-space as an estimate of ex tracellular volume. The chloride space was un changed in acute hypokalemia but greater than con trol in acute hyperkalemia by �90 ILlig dry weight (p < 0.05). By contrast, the estimated intracellular � -:: volume, as suggested, showed a significant de crease in the hyperkalemic group by 240 fLl/g dry weight (p < 0.01; Fig. 4 ).
DISCUSSION
The present investigation addresses possible mechanisms of brain tissue electrolyte homeostasis in the face of acute and chronic perturbations of plasma potassium. Past observations (reviewed by Bradbury, 1979) are confirmed: that brain and CSF potassium concentrations are closely regulated de spite marked changes in plasma potassium levels. The results provide new evidence for the impor tance of BBB Na + ,K + -ATPase in this regulation during acute hyperkalemia.
Mechanisms of K + regulation during chronic hypo-and hyperkalemia
In a recent communication (Stummer et aI., 1994) , we demonstrated that long-term potassium homeostasis of the brain is achieved by appropriate adaptation of BBB potassium permeability, so that potassium influx remains comparable with that of normokalemic controls. Our present results corrob orate these observations in that the other two po tential mechanisms for K + regulation appeared to be absent. In chronic hypo-and hyperkalemia, there were no changes in brain potassium concen tration that might indicate the loss or accumulation of K + by parenchymal cells and no changes in the Na PS that might indicate modified extrusion of K + back into the blood via the BBB Na + ,K + -ATPase.
Mechanisms of K+ regulation during acute hypo-and hyperkalemia
Under normal conditions, influx of K + from plasma across the BBB is not completely passive. Due to the perm selectivity of this ion compared with Na + (Smith and Rapoport, 1986) and the partly saturable nature of potassium uptake (Stummer et aI., 1994) , specific carrier systems can be inferred that might influence influx. Thus, the permeability of the BBB to K + is enhanced during acute hy pokalemia as a consequence of the kinetic charac teristics of available transporters with an apparent Km of <5 mM, partly compensating the abrupt re duction in plasma K + (Stummer et aI., 1994) . For this reason, tissue ion and water homeostasis may be less vulnerable in acute hypokalemia than in acute hyperkalemia, where no such regulation is ev ident.
In acute hyperkalemia, assuming a K + PS of 10 fLlIg/min (Smith and Rapoport, 1986) , a change in [K + ]pl from 4 to 8 mmollL would cause an addi tional influx of 40 nmollg/min. Further assuming a CSF volume corresponding to 10% of the 2 g rat brain (as reviewed by Bradbury, 1979) and an ISF volume of 20% (Levin et aI., 1970; Nicholson and Philips, 1981) , then the already mentioned addi tional influx during only 10 min of acute hyperkale mia would increase ISF and CSF K + concentra tions to 3.5 mM if potassium were not transported out of this space either into brain cells or back into the blood.
Potential mechanisms of K + regulation during acute hyperkalemia
Buffering. Glial cells have been implicated in buffering excessive K + released into the extracel lular microenvironment during neuronal activity (Walz and Hertz, 1983; Kimelberg and Norenberg, 1989) . However, such a mechanism can adequately maintain homeostasis only if buffered K + is re turned to its source, the neurons, so that net K + tissue contents remain unchanged (Sykova, 1983) . For buffering of extrinsic K + , i.e., from hyperkale mic plasma, limits of capacity would soon be reached, so that further buffering would necessitate the swelling of cells, if these were to retain isoto nicity. Indeed, it appears that glial cell uptake is not responsible for buffering increased K + influx dur ing acute hyperkalemia. Brain potassium content (per gram dry weight) in this condition did not in crease, as might be expected if glial cells were tak ing up excess K + , but actually decreased. Also, extracellular [K + ], at least at the level of the CSF, did not increase, so this would not act as a trigger for enhanced K + uptake by brain cells.
The loss of K + from the parenchyma during acute hyperkalemia may indeed reflect a loss of K + from glial cells as the effect on extracellular [K +] of an overstimulation of BBB Na + ,K + -ATPase (see following) might be compensated by glial cell K + release. The loss of K + in acute hyperkalemia was accompanied by a decline in brain water content. The regression of K + Ikg dry weight over water/kg dry weight for all animals exhibited a significant slope of 110 mM (see Fig. 5 ). This value is more closely related to the intracellular concentration of K + than to the interstitial concentration of the ion (Hansen, 1985) , which suggests that water and K + are primarily lost from the intracellular compart ment. Additional corroboration of an apparent loss of K + and water from the intracellular space is ob tained when calculating the chloride space of the brain tissue sample. This value should give infor mation about the volume of the extracellular space, because only a small fraction of chloride is located within the glial cells and neurons (Hansen, 1985) , although whether the chloride distribution might be affected by changes in plasma [K +] is unknown. The chloride space expanded during increases in plasma [K +], suggesting that the brain water loss found during acute hyperkalemia was indeed from the intracellular space.
Consequently, our study supports the notion that the brain is depleted of K + in the face of acute hyperkalemia, with losses occurring from the intra cellular compartment while the extracellular space increases in volume. In acute hypokalemia, on the other hand, no changes in brain K +, water con tents, or chloride spaces were measured, possibly indicating a sufficient degree of K + influx regula tion, as mentioned, to avert a distortion of brain electrolyte balance.
BBB K Efflux. Both in vivo and in vitro data exist
for an asymmetrical location of the Na + ,K + ATPase on the abluminal membrane of the brain capillary endothelial cell (Bradbury and Stulcovli, 1970; Betz et aI. , 1981) . This enzyme is therefore likely to be involved in the movement of K + out of and N a + into the brain. It has been implicated in the removal from the brain of excess extracellular K + induced by either ventriculocisternal infusions (Bradbury and Stulcovli, 1970) or ischemic injury (Schielke et aI., 1991; Betz et aI., 1994) . We there fore examined the involvement of this enzyme and the role of K + extrusion back into blood in K + homeostasis by measuring the rate of Na + entry into brain.
Only in the acute hyperkalemic group did we de- tect a significant change in the Na PS. As this group does not decrease BBB potassium permeability to maintain a constant K + influx (Stummer et aI. , 1994) and also actually displays a net loss of brain K +, the increase in N a influx is associated with greater K + efflux, as would be expected of trans port via the Na + ,K + -ATPase. An increase in BBB Na PS has also been interpreted as a stimulation of the BBB Na + ,K + -ATPase in ischemia (Schielke et aI. , 1991; Betz et aI. , 1994) .
Because the PS of a tracer depends on both pas sive and specific permeability characteristics of the BBB and the surface area of the exposed vascular bed, changes in the Na PS can only be interpreted as changes in specific permeability to 22 Na + if pas sive permeability and surface area of the BBB re main constant. In our previous communication (Stummer et aI. , 1994) , we demonstrated that the PS of eH]a-aminoisobutyric acid, a passive permeabil ity marker with a PS similar to 22 Na + (Blasberg et aI. , 1983; Ennis et aI., 1994) , was unaffected by acute hyperkalemia or by other acute or chronic distortions of plasma K +. Therefore, we conclude that the currently observed change in the Na PS is due to an enhancement of the specific permeability to Na + . A second question arises as to whether the increase in Na PS is a response to the altered plasma [K +] or a change in some other physiolog ical parameter. Murphy and Johanson (1989) noted a 10% decrease in the Na PS in animals with a mod erate degree of acidosis (pH 7.30) as part of their evidence for Na+/H+ exchange at the BBB. How ever, no change in pH was measured in the acute hyperkalemic group compared with controls.
During acute hyperkalemia, the Na + PS in creases �0.6 J.d/g/min. This would generate an in creased Na + influx of 84 nmol/g/min. If this in crease in influx were exclusively through the Na + ,K + -ATPase, it would generate an increased K + efflux of 56 nmol/g/min. This would be more than enough to compensate for the increased influx of K + found in this condition (�40 nmol/g/min; see preceding), which may explain why there is a net loss of K + from the brain.
The mechanism involved in the stimulation of the Na + ,K + -ATPase is as yet uncertain. Na + ,K + ATPase activity at the BBB is sensitive to [K +] with a Km of � 3 mM [K +], the normal concentra tion of ISF (Schielke et aI., 1990) . This pump, there fore, has kinetics suited to maintaining a stable ISF [K +]. However, it is difficult to reconcile the ap parent overstimulation of K + efflux observed in acute hyperkalemia with the kinetics of the Na + ,K + -ATPase. Thus, there may be additional neuronal and humoral influences on Na + ,K + -ATPase activity at the BBB. Anatomic data suggest that brain capillaries may be under neuronal con trol, because they receive noradrenergic afferents from the locus ceruleus (Raichle et aI., 1975) . Fur thermore, a 40% reduction of Na + ,K + -ATPase content has been described by Harik (1986) in cap illaries isolated from the cerebral cortex of rats 2 weeks after ipsilateral locus ceruleus lesions. Other data suggest that BBB N a + transport may also be modulated hormonally (e.g., Nakao et aI., 1990) . These aspects in combination with the present re sults lead us to hypothesize that acute hyperkalemia is accompanied by the activation of neuronal or hu moral factors affecting K + efflux. Undue activation by these factors during rapid disturbances in plasma K + may account for the detected excessive efflux of K+.
Understanding the mechanisms that modulate changes in Na PS is important as stimulation is also seen during early cerebral ischemia (Shigeno et aI., 1989; Ennis et aI., 1990; Schielke et aI., 1991; Betz et aI., 1994) when Na+ accumulation is associated with edema formation (Betz et aI., 1989) . Interest ingly, the enhanced Na PS in acute hyperkalemia is not associated with an increase in brain water con tent; i.e., enhanced influx alone does not appear to suffice for the promotion of edema. Rather, an ad ditional impairment of Na + efflux may be neces sary. This might arise because of the expansion of the tissue sodium space or because of a shrinkage of the extracellular space reducing the rate of ISF drainage into the CSF system.
Conclusions
To summarize, our results corroborate past ob servations that brain tissue K + contents are not vul nerable to acute or chronic variations of the plasma levels of this ion. While the present results support the hypothesis that influx adaptation suffices in maintaining homeostasis during chronic alterations of plasma K +, acute changes in plasma K + are probably countered by appropriate regulation of ef flux. Such regulation was evident during acute hy perkalemia, where enhanced efflux of K + was reg istered. Because Na + uptake was concomitantly in creased, we suggest that Na + ,K + -ATPase may be involved in extruding surplus K +. Moreover, K + extrusion was higher than expected, leading us to hypothesize that Na+ ,K+ -ATPase may be under the control of neuronal or humoral factors that are inappropriately activated by rapid disturbances of plasma K + , rather than by passive carrier proper ties alone. The latter may be more important in sit uations where brain extracellular (Bradbury and Stulcova, 1970; Schielke et aI., 1991) rather than plasma [K +] is increased. Further research into the nature of these factors seems warranted, because BBB Na + ,K + -ATPase appears to participate in the evolution of cytotoxic brain edema and may be therapeutically accessible.
